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TITLE OF THE INVENTION 

METHOD OF PROVIDING INFORMATION ON ERRORS OF 
HARD DISK DRIVE, HARD DISK DRIVE THEREFOR AND 
INFORMATION PROCESSING APPARATUS THEREFOR 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the priority of Korean Patent Application No. 2002-63533, filed 
on October 17, 2002, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a hard disk drive (HDD), and more particularly, to a 
method of providing information on errors occurring in an HDD, an apparatus to process the 
error information, and an HDD using the same. 

2. Description of the Related Art 

[0003] Recently, as more advances are being made in the digital era, there has been 
increasing attention paid to personal video recorders (PVRs) capable of recording broadcast 
programs for more than 24 hours without a need of an additional tape. 

[0004] A PVR, also called a digital video recorder (DVR), is an apparatus to store a digital 
video stream in real time and to reproduce the stored digital video stream, and includes a hard 
disk drive (HDD). 

[0005] During recording data on and reproducing data from a HDD, errors may occur due to 
an operation temperature of the HDD, defective elements, or a periodic or non-periodic 
phenomenon of the HDD. When the HDD fails to record data on or reproduce data from a 
desired sector thereof, the HDD tries to record data on or reproduce data from the desired 
sector again when the desired sector comes into a predetermined position again while a disk is 
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rotated in the HDD. At this time, the HDD performs various error retrieval operations, such as 
an off-track reading, an increase or a decrease of a cut-off frequency, an increase or a decrease 
of a bandwidth, or a variation of a gain value of a finite inverse response (FIR) filter. Such a 
process is called a retry. If the data corresponding to the errors are not retrieved through the 
retry process, the HDD notifies a host that unrecoverable errors have occurred and thus to 
record data on or reproduce data from the desired sector of the disk is not possible. 

[0006] A conventional system communicates with the HDD installed therein by using ATAPI 
commands. Among the ATAPI commands, there is a command to notify a host of a state of the 
HDD. 

[0007] FIG. 1 is a flowchart of the operation of a conventional hard disk drive. Referring to 
FIG. 1, a command is applied to the HDD from a host in operation S102. The HDD executes 
the command issued from the host in operation S104. If no error occurs while executing the 
command, the command is completed in operation S110. If a predetermined error occurs while 
executing the command in operation S106, the execution of the command is stopped in 
operation S108. The host is notified of whether or not the performance of the command is 
stopped or is completed in operation S112. 

[0008] Further, a content, which the host is notified of by the HDD and a type of the content 
are defined by an ATAPI command reference. 

[0009] FIG. 2 is a block diagram of a conventional HDD performing the operation shown in 
FIG. 1. In FIG. 2, reference numerals 202 and 204 represent an integrated drive electronics 
(IDE) controller and an HDD, respectively. The IDE controller 202 and the HDD 204 are 
interfaced via an IDE interface and receive information from or transmit information to each 
other by using the ATAPI commands. 

[0010] IDE takes part in transmitting information between a main board and a data storage. 
AT attachment (ATA) represents terms established by American National Standards Institute 
(ANSI) adopting the IDE as a standard. Among IDE ports, there are a primary port and a 
secondary port. The primary and secondary ports each include a master channel and a slave 



2 



Docket No. : 1293.1982 



channel. In most cases, the HDD is connected to the primary port, and a CD-ROM is connected 
to the secondary port. 

[0011] ATAPI is protocol developed so that a data storage, for example, a CD-ROM, a DVD, 
or a tape, other than an HDD may share an ATA interface with an HDD. ATAPI is the third ATA 
standard established by ANSI, after ATA and ATA-2. The reason an IDE interface of the ATAPI 
is called a packet interface is that a protocol thereof transmits a group of commands, i.e., a 
packet. 

[0012] However, to notify a host of whether or not an error has occurred in the HDD in real 
time, figure out what caused the error, and appropriately respond to the error by using an IDE 
interface is not possible. 

[0013] There have been various techniques to diagnose an error having occurred in an HDD, 
including Japanese Patent No. 1999-184726, Korean Patent Nos. 1998-011130 and 2002-5929, 
Japanese Patent No. 1997-101905, and Korean Patent Nos. 1998-14546, 2001-58759, and 
1995-2353. These techniques provide a method of diagnosing an operation state of an HDD 
from a host or outside the HDD. 

[0014] However, such conventional error diagnosing techniques merely check the operation 
state of an HDD by using a specific program, i.e., a diagnosis program, rather than notifying a 
host in real time of an error which has occurred during an operation of a disk so as to let the 
host appropriately respond to the error. 

[0015] In addition, the conventional error diagnosing techniques use an ATAPI command 
system, as shown in FIG. 1, and thus they fail to transmit information, which cannot be accepted 
in the ATAPI command system, to the host. 

[0016] The conventional error diagnosing techniques can retrieve errors in an HDD by 
adjusting parameters of the HDD. However, the conventional error diagnosing techniques 
cannot take any appropriate measure to eliminate an external cause of the error. 

[0017] For example, a data recording failure may be caused by defects in the HDD or a data 
transmission system. However, the conventional error diagnosing techniques only eliminate 
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internal causes of the error which has occurred in the HDD, which means the conventional error 
diagnosing techniques are unable to solve such a recording failure error caused by defects in 
the data transmission system. 

[0018] In particular, unlike in a PC, to freely separate an HDD from a PVR is difficult, and the 
PVR does not store a diagnosis program. Accordingly, in a case where an error occurs in the 
HDD due to such an inconvenient structure of the PVR, for a user to appropriately control an 
operation of the PVR is not possible. 

[0019] In the related art, to let an HDD notify a host of information on an error having 
occurred in the HDD by redefining ATAPI commands is possible. However, the redefinition of 
the ATAPI commands brings about standards-related problems which cannot be solved using a 
current level of technology. 

SUMMARY OF THE INVENTION 

[0020] According to an aspect a method is provided of controlling an improved HDD, which is 
capable of providing information in real time on an error occurring during an operation of the 
improved HDD. 

[0021] According to an aspect an improved HDD is provided which uses the control method 
to control the improved HDD. 

[0022] According to an aspect an improved data processing apparatus is provided which is 
capable of determining a state of a system by using error-related information provided by an 
HDD and suggesting to a user appropriate measures to deal with an error in the HDD based on 
the state of the system. 

[0023] According to an aspect a method of providing information on an error in an HDD is 
provided including a first interface unit transmitting data reproduced from a medium and 
receiving data to be recorded on the medium and a second interface unit providing error 
information to an outside of the HDD. The method includes obtaining error information including 
a type of an error occurring in the HDD and state information indicating operation conditions of 
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the HDD, and outputting the error information and the state information to the outside via the 
second interface unit. 

[0024] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0025] Outputting of the error information and the state information to the outside may be 
performed in real time irrespective of a data process performed using the first interface unit. 

[0026] According to another aspect an HDD is provided which records data applied from an 
outside on a medium or reproduces data recorded on the medium and provides the reproduced 
data to the outside. The HDD includes a first interface unit transmitting data reproduced from a 
medium to the outside and receiving data to be recorded on the medium from the outside, a 
hard disk controller controlling data to be recorded on the medium or reproduced from the 
medium and providing error information including a type of an error occurring in the HDD, a 
state information manager managing the error information provided by the hard disk controller 
and state information indicating operation conditions of the HDD, and a second interface unit 
outputting the error information and the state information provided by the state information 
manager to the outside when an error occurs. 

[0027] The second interface unit may perform a serial interface. 

[0028] According to a further aspect a data processing apparatus is provided including an 
HDD having a first interface unit transmitting data reproduced from a medium and receiving data 
to be recorded on the medium and a second interface unit providing error information to an 
outside. The data processing apparatus includes a first controller corresponding to the first 
interface unit, a second controller corresponding to the second interface unit, and a controller 
controlling data recording and reproducing operations of the HDD by using the first controller, 
receiving error information provided by the HDD by using the second controller, and providing 
the error information to a user by using an output device. 

[0029] The controller may receive state information indicating operation conditions of the 
HDD as well as the error information from the HDD via the second controller, determines an 
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appropriate measure to deal with an error, which has occurred in the HDD based on the error 
information and the state information, and informs the user of an appropriate measure. 

[0030] The data processing apparatus may be a personal video recorder. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the embodiments, taken in 
conjunction with the accompanying drawings of which: 

[0032] FIG. 1 is a flowchart of an operation of a conventional HDD; 

[0033] FIG. 2 is a block diagram of a conventional HDD performing the operation shown in 
FIG. 1; 

[0034] FIG. 3 is a flowchart of a method of providing information on an error occurring in an 
HDD according to a first embodiment of the present invention; 

[0035] FIG. 4 is a block diagram of an HDD according to a second embodiment of the 
present invention; 

[0036] FIG. 5 is a block diagram of a data processing apparatus according to a third 
embodiment of the present invention; 

[0037] FIG. 6 is a diagram illustrating an example of responding to an error occurring in an 
HDD in the data processing apparatus shown in FIG. 5; and 

[0038] FIG. 7 is a diagram illustrating another example of responding to an error occurring in 
the HDD in the data processing apparatus shown in FIG. 5. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0039] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
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numerals refer to the like elements throughout. The embodiments are described below to 
explain the present invention by referring to the figures. 

[0040] FIG. 3 is a flowchart of a method of providing information on an error occurring in an 
HDD according to a first embodiment of the present invention. Referring to FIG. 3, a command 
is applied to an HDD from a host in operation S302. 

[0041] The HDD performs the command issued from the host in operation S304. Commands 
and data are provided via an IDE interface, and the details of the commands are defined by 
ATAPI command standards. Whether or not an error has occurred is checked in S306. If no 
error has occurred while executing the command in operation S306, an execution of the 
command is completed in operation S310. If any error has occurred in the HDD while executing 
the command in operation S306, the execution of the command is stopped in operation S308. 
A host is notified as to whether the execution of the command is completed or stopped in 
operation S312 via the IDE interface, and the process is based on the ATAPI command 
standards. If a predetermined error has occurred while executing the command in operation 
S306, the HDD notifies the host of a cause of the error or an operation state, in operation S314. 

[0042] More specifically, the HDD obtains at least error information specifying a type of the 
error occurring in the HDD and information (hereinafter, referred to as state information) on 
operation conditions of the HDD and notifies the host of the error information and the state 
information. 

[0043] The error information and the state information are reported in real time using a serial 
interface and do not follow the ATAPI command standards. Accordingly, to provide sufficient 
information necessary to take measures to deal with the error and a cause of the error occurring 
in the HDD is possible. 

[0044] Further, the error information represents information on a type of a command issued 
from the host and the type of the error occurring in the HDD, and the state information 
represents information related to the operation of the HDD, such as an operation temperature of 
the HDD, a cut-off frequency, a boost value, a bandwidth, or a gain value of a finite inverse 
response (FIR) filter. 
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[0045] According to the method of controlling an HDD, the host is notified of the state 
information if an error occurs while executing the command issued from the host. 

[0046] FIG. 4 is a block diagram of an HDD 400 according to a second embodiment of the 
present invention. Referring to FIG. 4, the HDD 400 includes a hard disk controller 402, a state 
information manager 404, an IDE interface unit 406, and a serial interface unit 408. 

[0047] The IDE interface unit 406 serves as an interface between a host and the HDD 400 so 
that data and commands are transmittable between the host and the HDD 400 via the IDE 
interface unit 406. The hard disk controller 402 controls a recording and reproducing unit 410 
based on the commands and data provided via the IDE interface unit 406 so that data is 
recordable on or is reproducible from a medium 412. 

[0048] The state information manager 404 manages state information of the HDD 400 and 
receives error information from the hard disk controller 402. The state information manager 404 
notifies the host of the error information and the state information via the serial interface unit 408 
in real time. 

[0049] Since the HDD 400 is able to notify the host of the state information thereof in real 
time while recording data on and reproducing data from the medium, for a user to appropriately 
and immediately deal with an error which has occurred in the HDD 400 is possible. 

[0050] The error information and the state information are output via not the IDE interface 
unit 406 but the serial interface unit 408 provided separately from the IDE interface unit 406. 
Accordingly, a transmission of details of the error information, which cannot be achieved in a 
conventional ATAPI command system, is possible. 

[0051] FIG. 5 is a block diagram of a data processing apparatus according to a third 
embodiment of the present invention. Referring to FIG. 5, reference numerals 502, 504, 506, 
and 508 represent an IDE controller, a serial interface controller, a controller, and an image 
output device, respectively. 

[0052] The IDE controller 502 and the serial interface controller 504 correspond to the first 
and second controllers, respectively, which have already been mentioned in the Summary of the 
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Invention section, and the IDE interface unit 406 and the serial interface unit 408, respectively, 
of the HDD 400 shown in FIG. 4. 

[0053] The IDE controller 502 and the HDD 400 interface with each other in an IDE interface 
manner and receive necessary information from or transmit necessary information to each other 
by using ATAPI commands. 

[0054] The serial interface controller 504 receives error information and state information 
from the HDD 400 in a serial interface manner. 

[0055] The controller 506 controls data recording and reproducing operations performed by 
the HDD 400 by using the IDE controller 502 and receives the error information and the state 
information provided by the HDD 400 by using the serial interface controller 504. 

[0056] The controller 506 determines a way to deal with an error occurring in the HDD 400 
based on the error information and the state information provided by the HDD 400 and outputs a 
message showing the way to deal with the error to a user by using the image output device 508. 

[0057] FIG. 6 is a diagram illustrating an example of dealing with an error occurring in an 
HDD in the data processing apparatus shown in FIG. 5. FIG. 6 shows a method of dealing with 
the error in the HDD in a case where a critical error called a fault of a sector address mark 
(FSAM) occurs during recording data on a medium, in response to a record command applied to 
the HDD from a host. 

[0058] Referring to FIG. 6, the record command is applied to the HDD from the host in 
operation S602. 

[0059] Data is recorded at a designated place on the medium in response to the record 
command issued from the host in operation S604. 

[0060] The HDD performs servo-ISR while recording data on the medium in operation S606. 

[0061] Whether or not an FSAM occurs is checked in operation S608. If the FSAM has not 
yet occurred, a counting variable Cnt is set to 0 in operation S610, and the process goes back 
to operation S606. 
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[0062] If the FSAM occurs, a value of the variable Cnt is increased by 1 in operation S612. 

[0063] Whether or not the value of the variable Cnt is smaller than 6 is checked in operation 
S614. If the variable Cnt has a value smaller than 6, the process returns to operation S608 and 
whether or not the FSAM occurs is checked again. 

[0064] If the variable Cnt has a value of 6 or greater in operation S614, the HDD considers 
that an FSAM error has occurred six times in a row and to stop the data recording process and 
to notify the host of the current situation is necessary in operation S616. 

[0065] Next, in operation S618, error information is provided to the state information manager 
404 of FIG. 4. The state information manager 404 outputs the error information provided in 
operation S618 and state information having been managed by the state information manager 
404 to the host via the serial interface unit 408. Since an operation of the serial interface unit 
408 and an operation of the IDE interface unit 406 are performed, in parallel, irrespective of the 
data recording operation of the HDD 400, the error information and the state information are 
providable to an outside of the HDD 400 in real time. 

[0066] Next, in operation S620, a parking operation is performed so that a head of the HDD 
returns to a parking region, in order to prevent the head from damaging the medium. 

[0067] The error information and the state information are provided to the host via the serial 
interface unit 408, and the host receives the error information and the state information in 
operation S622. 

[0068] The host analyzes the error information and the state information provided by the 
HDD and determines an appropriate measure to deal with the error occurring in the HDD in 
operation S624. 

[0069] The host notifies a user of the analysed information and the measure to deal with the 
error occurring in the HDD in operation S626. 

[0070] FIG. 7 is a diagram illustrating another example of dealing with an error occurring in 
the HDD 400 in the data processing apparatus shown in FIG. 5. FIG. 7 shows an operation of 
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dealing with an error in the HDD 400 in a case where a weak write error occurs in the HDD400 
due to a low temperature in the HDD. 

[0071] The weak write error indicates a state where data is not recorded with a normal 
degree of write power even though a normal write current is applied to a head of the HDD 400. 
For example, a coercive force of a medium increases at low temperatures due to physical 
characteristics of the medium, in which case the weak write error is more likely to occur. 

[0072] A host analyzes error information and state information provided by the HDD 400 in 
operation S702. 

[0073] The host determines an appropriate measure to deal with the error occurring in the 
HDD 400 in operation S704. For example, if a recording failure error occurs in the HDD 400 
and an operation temperature of the HDD 400 is low, the host considers that the weak write 
error occurred in the HDD 400 due to the low operation temperature of the HDD 400. Then, in 
operation S704, the host notifies a user of a determined measure to deal with the error in the 
HDD 400, which involves increasing the operation temperature of the HDD 400 and reapplying 
a record command to the HDD 400. 

[0074] In operation S706, the host outputs the determined measure to deal with the error in 
the HDD 400 to the user in the form of a text message by using an image output device 510 of 
FIG. 5. The host controls a text message generator (not shown) so that a desired text message 
is displayable on a screen of a display of the image output device 510. 

[0075] In a case where the weak write error occurs, to record data on the medium in a 
normal operation is not possible, and, thus, a recording failure error is more likely to occur. 
According to the conventional ATAPI command system, only error information, i.e., information 
as to whether or not the recording failure error occurs is transmittable to the host, and to notify 
the host of other information, like information on a state of an HDD, such as an operation 
temperature of the HDD, is not possible. Accordingly, an operation to deal with an error in the 
HDD by preventing data from being recorded on a medium at low temperatures so that the data 
is recordable at room temperature is not possible. 
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[0076] In the present invention, unlike in the conventional art, the HDD 400 stops a data 
recording process and provides an operation temperature of the HDD 400 to a host at a same 
time when a weak write error occurs. Then, the host analyses the operation temperature of the 
HDD 400 and determines that the data recording process is stopped due to the weak write error 
caused by a low operation temperature of the HDD 400. Thereafter, the host urges a user to 
take an appropriate measure to deal with the data recording failure by outputting a message to 
the user indicating that data should be rewritten at a normal temperature. 

[0077] In a conventional HDD, if an error occurs while the HDD is performing a 
predetermined operation in response to a command issued from a host, only an error message, 
for example, a message saying "Data cannot be recorded in the HDD,"is displayed, and thus for 
the user to precisely determine what caused the error is difficult. 

[0078] A data recording failure may be caused by defects in an HDD or a data transmission 
system. However, in a case where an error occurs in an HDD in a conventional data processing 
apparatus, for a user to precisely determine a state of the HDD and a cause of the error is not 
possible. 

[0079] Especially in a device which has an HDD hermetically sealed but does not include any 
tools to diagnose the state of the HDD, like a PVR, to determine the cause of the error in the 
HDD is even more difficult. 

[0080] In the data processing apparatus according to the present invention, a type of an error 
occurring in an HDD and operation conditions of the HDD are transmitted to a host, and then 
the host determines a cause of the error and an appropriate measure to deal with the error by 
analyzing the transmitted information. Thereafter, the host presents the cause of the error and 
the measure to deal with the error to a user, and thus, to enhance a reliability of the HDD and to 
decrease a defect rate of the HDD, which may increase due to inappropriate error recovery 
methods, is possible. 

[0081] Embodiments of the present invention have been presented so far by taking an HDD 
as an example. However, it is obvious to one skilled in the art that the present invention can 
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also be applied to peripheral computer devices other than the HDD in the same manner as 
presented here. 

[0082] As described above, the HDD according to the present invention may inform a user of 
state information of the HDD in real time while recording data on and reproducing data from a 
medium. Accordingly, for a user to immediately deal with an error occurring in the HDD is 
possible. 

[0083] Further, since in the present invention, unlike in a conventional ATAPI command 
system, error information and state information are output via a serial interface and not via an 
IDE interface, by which data is transmittable between elements of a data processing apparatus, 
to precisely transmit details of the error information is possible. 

[0084] Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit of the invention, the scope of which 
is defined in the claims and their equivalents. 
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